Expression, purification, and kinetic characterization of the mannitol transport domain of the phosphoenolpyruvate-dependent mannitol phosphotransferase system of Escherichia coli. Kinetic evidence that the E. coli mannitol transport protein is a functional dimer.
The overexpression of the membrane-bound C domain of the mannitol transport protein EIIMtl of Escherichia coli has been achieved. This protein, IICMtl, consisting of the first 346 amino acids, was purified from membrane vesicles and still bound mannitol with a high affinity. Gel filtration experiments showed that purified IICMtl was a dimer, confirming that the interaction within the EIIMtl dimer occurs between the membrane-bound portions of the protein. IICMtl in combination with a chimeric protein consisting of the membrane-bound EIIGlc C domain and the cytoplasmic EIIMtl BA domain could restore both phosphoenolpyruvate-dependent phosphorylation and mannitol/mannitol-P exchange activity. The interaction in this complex was comparable to that of IICMtl with soluble IIBAMtl in as much as there appeared to be no specific interaction between IICMtl and the membrane-bound EIIGlc C domain; the Km of IICMtl for the chimer was so low that saturation could not be achieved. In contrast, a very high affinity with a Km of 2 nM was measured between purified IICMtl and purified EIIMtl. This interaction was manifested in a IICMtl-dependent stimulation of the EIIMtl catalyzed phosphoenolpyruvate-dependent mannitol phosphorylation reaction and the mannitol/mannitol-P exchange reaction. The high affinity of IICMtl for the wild type enzyme can be explained by the formation of heterodimers consisting of a IICMtl monomer and an EIIMtl monomer which interact at the level of the membrane-bound domains. The 2-fold increase in mannitol phosphorylation activity of the hetero- versus homodimer is an indication that the individual subunits in the homodimer are functionally coupled and work at only half their maximum rate. It is known that the EIIMtl dimer, but not the monomer, catalyzes the mannitol/mannitol-P exchange reaction. Since the heterodimer also catalyzes this reaction, it appears that only one functional B domain is required per dimer.